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SUMMAEY 



Creneral forinula^s are given for propellers for the 
rate of change of side— force coefficient with angle of 
yav/ a:ad for the rate of change of p it chxng— iiioinent cqef— 
ficient with angle of vav/. Charts of the side— force de— 
riyatiTG are given for two propellers of different plan 
form, The charts coyer solidities of two to six hlades 
and sin{<le and dual rotation. The blade angles range 
from 15^ or 20^ to 60^, 

The equations, and the charts computed from the eq^ua— 
tions, are based on an unpublishGd analysis, which incor-^ 
jDOratos factors not adecaiately covered in previously pub- 
lished work and gives good agreement with experiment over 
a wide range of operating con.diti.ons> A study of the 
equations indicates that they are consistent with the foi*- 
Xov/lne physical interpretation: In developing side force, 
the propeller acts like a fin of which the area is the 
projected side area of the propeller, the effective aspect 
ratio is of the order of 8, and the effective dynamic 
pressure is roughly that at the propeller disk as augmented 
by the inflow. The variation of the inflow velocity, for 
a fixed— pitch propeller, accounts for most of the varia— 
tion of side force with advance— diameter ratio. 

The charts may be applied to obtain the rate of change 
of normal— force coefficient with a.ngle of* attack of the 
axis of rotation if proper account is taken of the upwajsh 
or doi/nwash from the wing. 



IITSODUGTION 



There has been a need in stability analyses for a 
syst emat ic s er ios of charts for the estimat ion of the rate 
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of change of propeller side force with angle of yaw, Al— 
thotissh the f oriatxla developed h;/ Hvarris and G-l^uert in 
refereuces 1 and 2 and disscussed in reference 3, Mhich 
eacpresses the side force in yav; in terms of coefficients 
for the unyawed propeller, is fairly sat isf act ory , there 
has "been no adequate formula "based prianarily on the 
georaetry of the propeller blades* An unpuhlished an8.1ysis 
has res'alted iii siich a forniula. The hasic assumptions 
are similar to those of the vortex theory for the unin— 
clined pi»opsller vrhen the Goldstein correction for finite 
nurnher of hlade.s is omitted.. Comparison vrith a nun "bar 
of exper inent al results has indicated that the accuracy 
of ±10 percent obtainahle "by the analytical xaethod is of 
the order ohtained hy the uncorrected vortex theory for 
the uninclined propeller. 

The fG3?mulaj developed in the analysis aaid given 
hereinj has "been used to prepare a series of charts giving 
the rate of change of side—force coefficient x^'-ith angle 
of yaw as a function of the advance— diameter ratio T/xiD; 
the Dlp.de an^^le and solidity are parametersi the charts 
cover "both single and dual rotation. The c ornput at ions 
were made for two representative propellers, the Hamilton 
Standard 3155-6 and the ITACA 0-306 2-045 • Means are given 
for interpolating for other propellers..' 

in order to make the present report complete in it- 
self and to make the charts more intelligible, formulas 
for the side— force and pit chlng^m omen t derivatives are 
given at the outset with an explanatory text. The other 
propeller stability derivatives with respect to yaw are 
z er 0 i 

I'or the purpose of eacpediting the publication of the 
charts 3 the derivation of the formulas has been omitted 
from the jjresent paper, There is included herein, however, 
a graph that shows a conparison of the theoretical values 
with the e7cper iment al data of Lesley, Worley, and Hoy 
( r ef er en c e 4 ) . 



SYMBOLS 



She formtilas of the present report refer to a system 
of bod,y a3ces* Jor single—rotating propellers, the origin 
is at the intersection of the a^cis of rotation and the 
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p 1 an e of rotation; f or dual— r o t at i ng pr op el 1 er s , the 
origin is on the axis of rotation halfway "between the 
planes of rotation of the front and rear propellers. 
The S axis is coincident vrith the axis of rotation and 

H is directed forward; the T axis is directed to the right; 

'i and the 3 axis is directed downward* The sym'bolB are 

^ defined as follows: 

D propeller diameter 

R tip rs.dius 

t r ad ills to any "blade element 

S< disk area (nI)^/4) 

X fraction of tip radius (r/E) 

Xo miniiAUin fraction of tip radius at which shank "blade 
sections develop lift (taken as 0»2) 





rat io of spinner radius 


to tip radius 


B 


nui^her of blades 








b 


b 1 a.d e section chord 








a 


solidity at 0.75R 


"4B ■ 
,3Tr 


(l\ 1 





3q blade angle to zero-'lift chord 

P blade angle to reference chord, measured at 0.75S 

st at Ion , degr es s 

p geometrio pitch 

\|/ an^^le of yav/, radians 

am anc::le of attack of thrust a,xis , radians 

i free— stream velocity 

q freo— stream dynamic pressure (l/2pV^0 

a inflow factor 
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axial Telocity at propeller disk ^ a)] 

\ ^ ^ In ^ \ (1 + a) (1 2 a)^ ] 

f(a} q-f actor (1 + a) ■ ■ ■ • ■ • -- '^ — 1 

L 1 + (1 + 2a)^ ^ 

On} thrust coef ficlGnt ( thrust /pn^D'^ ) 

Tq thrust Goefflcient ( thrust /pV^D^ or Gf/J^) 

n rotational speed, rsTolutions per second 

J ad V an g e— d i am e t ex* r a t i o ( 7 J np ) 

0 effective helix angle 

^oan'~~-^ [ ya/(2TTnr vslipstr ea-m. rotational velceity)] 

Y side force (ijody asres) 

Z normal force 

M p it ch ing laoment ( hodj- axe s ) 

GYr,|, side— force, deriratlve: rate of change of side— force 
coefficient \fith angle of yaw C ( 3Y /o\iO/qS M 

^y^^ pit chirxg— moment derivatiTe: rate of change of 

•0 it ch in oment coeffici ent with angle of yaw 
[(aM/Sxl/)/g.DSt] 

mo' average slope of section lift curve per radian 

(taken as 0.9 5 X S-st) 

ks spinner factor 

ka sidewash factor 

% constant in the equation for ks 

side-^area index 

A defined hy equation (3 a) (zero for dual— r otat ing 

propellers ) 

I3 integral defined "by equation (STd) 
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I3 integral defined by equation (2c) 
m defined by eauation (Sa) 



Subscripts : 

t 



o, 75E measured at the 0.7511 stat io^i ( s » 0,75) 

EOEMULAS 

Sate of Change of Side^Jorce Coefficient with Angle 
of Taw for Dual^Rot ating Propeller 

Ihe nattxre of the foraiulas for the side^-force de*-- 

rivatives mafces it simpler to present the formula for 
the dua,l— r ot at ing propeller first. For a dual--r otat ing 
propeller, the side— force derivative is 

him 

^ CiS » 1 4- kapli 

where 

the spinner factor kg ^ 1.14 

the sidev/ash factor k^^ ^ 0.4 

the ixiflow factor a - i^^ 1 +"8T^/Tr - l)/2 

theq-factor fi^) . ilJ^jMl,^ (l^) 

1 + (1 H- 2a) 

the solidity at 0.75±l a == ^ f — J 

3Tt \D/0.7 5E 

1 

the aide--area. index I^^ = 3/4 ^0 J* ( ^/^o ,75 S ^ ^ ^o 

and I^^, f(a), kg, and ka are discussed in detail later. 
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Siae>-area inde^r I^^,^ The product ol-^ Xb pro- 
portional to the area projected "by the blades on a plane 
through the propeller a:^is» Shis area may "be called the 
projected side area of the propeller^ She significant 
factor I^. has heen termed "the side— area inde:?;^^ ^ 

is the solidity at the 0,V5R station* In eq_uation (l), 
ICopl-^ is a.lways small in comparison with unity, with 

the result that Cyi>|/ is approximately proportional to 

and hence, to the projected side area of the pro- 
peller* The factor l/(l + l-a^Ia.) ^ay he regarded as 
a correction for aspect ratio* 

If graphical in,t egrat ion is inoouTenien t , the side^ 
area index Jiiay he evaluated auite simply -and v/ith 

sufficient accuracy hy Gauss ^ rule for appro^rimat e inte- 
gration (reference 5), which ordinarily req^uires fewer- 
ordinates than Simpson^ s rule for the same accuracy. 
Details are given in the appendix, 

?he 4—1 actor fL^i*^ By the definition of a, the 

expression T(l -i- a) is the axial wind velocity at the 
propeller disk^ Accordingly, (l + a)^q, is the dynamic 
pressure at the proiDeller disk. The value of f(a)q is 
only slightl^v Ibbs than (1 + a)^q for moderate inf loi^s , 
Equation (l) showe , therefore, that the side force for a 
given r..n.gle of yaw is roughly proportional to the dynamic 
pressure at the propolltcr disk as augmented hy the inflow, 
A chart of the variation of f(a) with To is given in 
f igur e 1 ^ 

Spinner factor If the propeller is provided 

with a spinner in eomhination with a liquid^cooled na- 
celle, the circumferential component of the side wind due 
to yav/ is considerahly increased in the region of the 
hlade shanks* This circumstance increases the side force 
"by a factor kg which is closely given hy 

( sg/x)"" ( b/b o,73E )sin Po 

g = 1 + ; — — ^ — , — — ^ • (lb) 



■Li'o 

("b/li 0.75a) sin 3o dk 
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where xs is the ratio of the spinner radius to the tip 
radius and K is a cciista.nt which is approximat eljr 0,90 
for a nacelle fineness ratio of 6 and 1*00 for a fineness 
i>- ratio of infinity. Per the spinners of present-day usage, 

^ kg is of the order of 1.14 ±0^04. 

i 

A similar effect undoubtedly occurs vrheai spinners 

are used with air--cpoled nacelles, hut the estimation of 
kg is more difficult « It is r ecpara ended that the factor 
1,14 he used* 

Sidexfash factor ^a*"*" ^^^^ reduction of side force 

due to the sidewash of the slipstream is accounted for 
hy the sidewash factor k^^ and by the deviation of 
f(a) from the value (l + a)'^* Ihe accurate expression 
for k-a is 



r 



(1 + 2a) ^ ^'Xo 



( b/T3o .7 5E) sia dx/s 



4[i + (1 + 2a) "3 r 1 



(Ic) 



The effect is analogous to the reduction of wing lift "by 
do^TOwash♦ An a,verage Talue of is 0,4. 



Eequired accuracy, and fea*"" degree in 

which comparison with existing experiments establishes 
the a.ccuracy — about i.10 percent — of the side— force 
forsiulas, it is sufficiently accurate to use the mea,n 
value 0^4 f or ka and , for the * usual sis e sp inner 
{xq = 0,16), 1.14 for Ics^ 



Phys ic a, l int erpreta tion o f pro p eller i n yaw . — A 
study of equations (l) and (2) in light of the d,iscussion 
of the side— area index I^^ and the q,— factor f(a), with 

data for r epr es ent at i vo propellers, shows that the equa- 
tions Sir e consistent with the following physical inter- 
pretation: in deTeioTjing side force in yaw, the propeller 
acts like a fin of which the area is the projected side 
area of the propeller, (She projected side area is the 
area projected by the blades on a plane through the a,xis 
of rotation* S'or two or one blade, this area -varies with 
azimuth; but the text refers to the average ralue, which 
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is given to a close approximation "by one— half the number 
of 'olades times the a,rea projected a single blade on a 
plane containing the blade center line and the axis of 
rotation.) This equiyalent fin may with small ei-ror he 
regarded as situated in the inflow at' the propeller dish: 
*^nd sixDject to the corr esponding augment ed dynamic pres*^ 
sure# She variation of Inflovr velocity therefore accounts 
for most of the variation of nide force with advance-^ 
diameter ratio, for a f ij:ed--pit ch propeller* 

•Ihe effective aspect ratio of the projected side area 
is of the order of two--thlrds the geometric aspect ratio 
x^rith dueJ, rotation. The effective aspect ratio is much 
less with single than v/ith dual r otat ion ; the smaller as-- 
pect ratio accounts for a redtiction in the side force, 
which for the six— blade Hamilton Sta^ndard propeller 3155—5 
varies from 4 percent at p 55^ to 24 percent at 15 
A mean valixe of the effective aspect ratio for single— and 
dual— rot at ing propellers of present— day usage is 8. 



Eate of Change of Side— force Coefficient with Angle 



For a singles-rotating propeller , the side-force 
derivative is 



of Yaw for S ingle--Eot at ing Propeller 



kgf ( a)(jli 




(2) 



The definitions of eauation (l) still apply and 





a(l C7X9 ) 



wh er e 



1 




0 



( 2D ) 




A f ara i ly of appr oxim a t e cur v es of I 3 ar e gir en in f xg^ 
ure 2 as funetions of T/nD, with the solidity a as the 
parametexo 0?he cui-^ves are applicable for "blade— angle 
settings at a gifen value of Y/nD in the range in which 
the hlades are not stalled. The data of figure 2 were 
corapiited for a definite x>3:*opell er , Ha;milton Standard 3155—6, 
"but may oe applied to any other prox)eller with negllgi'ble 
error in ^I^-^f* variation of 2a/TT with 0?^ is 

given in figure 3, 

The term A is positive over the operating range of 
the propeller in flight and is roughly one— tenth of Ii*. 

Comparison of egiiaticn (s). for single rotation with equa-- 
tion (1) for dus;l rotation shov/s that the effect of posi~- 
tive A is a reduction in ^y^^ that is, a singles- 
rotating propeller experiences less side force in yavj 
than the corresponding dual—rotating propeller. 

The reduction in side force in yaw reaches 24 percent 
for low 'bla.de angler^: its r^vera^ge is 15 percent. The re- 
duction is explained hy the fact that the asynmetry of 
disk loading, which for the single— rot at ing propeller pro- 
duces, the pitching raoment due to yaw, also induces a com- 
ponent of flow tending to redjice the effect of the ajigle 
of yaw* Por dual— r o t at ing propellers, there is no re-^ 
sultant asymmotry hecause the asyainetrii^s ox the disk 
loadings of the two sections are so disposed as to com- 
pensate. 



Tor a dual— rot at ing propeller J the pit ch ing— moment 
derivative is appr oxlinat ely zero for the reason previously 
mentioned, for a s ingle— rotating propeller;, this deriva- 
tive is giv en hy 



Hate of Change of Pitching Moment 



v/ith Angle o:f Yaw 



kgf ( a)m 



(3) 




- - + 




1 + k ct( Ii - A) 



v/here tliG positive sign is to "be taken for a right-hand 
propeller and the negative sign, for a left— hand propeller. 
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The definitions preylouslj given ar© applica'ble hey© and 

J ala ^ 3J # . . 



SIDS-FOHCS CHAH!C$ 



fornijilas (l) and, (2) have 'Desa used to compute a 
series of charts of the sid©— force derlvatiTe 

Siais derivative^ otherwise interpreted, is approximately 
twice the area of an equit*al6nt fin of average aspect 
r at i o divided 07 the d i ^ k ar ea • 

Each claart gives the variation of Ort^. v/ith V/nD 

for a range of blade angles and applies to a definite 
solidity » ^here is a, series of charts for each of two 
"blade forms. One 'olade form is a conventional type, 
Hamilton Standard 3155—6, with a plan form almost symmet- 
rical atout the naximurn chord, which is at approximately 
the 0.60H station* The other blade form, HACA 10--3062-045 , 
has a wide, almost unif orm chord out to the 0«75R station 
and a rounded tip section. The plan forms and pitch 
distributions for the two propellers are shov/n in figure 4. 

Ha^ll t on Standa rd propeller 5l55-~6»— The cha.rts of 
figxires 5 to 9 apply to Hamilton Standard propeller 3155^6» 
Jiguros 5, 6, 7, and 8 are for the tx^ro— ^ three--, four-*, 
and six— "blade single— rot ating propellers, respectively, 
ffigure 9 is for a six--blade dual*-r o t at ing propeller. The 
solidity a varies from 0,061 for the two-blade propeller 
to 0*182 for the six— blade propellers. 

A 1 iquid— cooled nacelle of fineness ratio 6 was aS'*- 
sumed and the spinner diameter was taken as 0.164 times 
the propeller diaineter in determining the spinner factor 
kg. The average value of kg, which depends slightly on 
the blado---angle setting, is about 1.125. This value 
signifies that, on the average, 12.5 percent has been added 
to the values which would be obtained in the absence of a 
sp inn er . 
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The YaluGS of used in the compLit at ions were 

obtained from figures 24 and 25 of reference 5 for the 
25*^ and 45^ "blade angles and were interpolated for the 
other "blade angles with the aid of figure 15 of refer-- 
ence 7. 

MM pr op ell er 10-3 OS 2-04 5 The charts of figures 
10 to 13 apply "^to I^^CA propelle 1 Q'~-306 2-^045 • piguros 10, 
1 1 , an d 12 ar o for t h c t \ir o— , t hr e e— , an d f our ^h 1 ad e s in gl e— 
rotating propollcrsj r e spo ct i-vely • Figure 13 is for a 
six-hlade . dual— rotating propeller* The solidity a varies 
from 0^0325 for the two— blade loropeller to 0.247 for the 
six— blade propeller • 

The spinnor-'nacell e proportions wore taken the same 
as for Hauilton Standard propeller 3155—6, and the corre- 
sponding average valu,e of the spinner factor kg is 1,15. 

She values of used iti the computations v/ere 

obtained from unpubllsliGd exp or in: ent al curves for the 
three— blade single— ret at ing propeller • Eho carves wor e 
extrapolated for fewer blades and for more blades and 
for dual rotation with the aid of figures 24 and 26 of 
reference 6o It is believed that the errors in ^y^^ 

introdxicod by errors in the extrapolation a.r a within 2 
or 3 p or o en t 

C o:np a r i s on wi th e :i:p ar i m en t • — P i gur o 14 pre s en t s t b e 
variation of "the side»--force derivative v/ith advance— 
dianiGtor ra.tio for the two— blade model prcpellor of refer- 
ence 4. Curves computed frora the formulas of the present 
report are plotted ^rith the experimental values. 

Int erpolation for blade shape and solidi ty • — The 
compu-t at ions show that , withi'n the- usual range , blade twist 
has a relatively small effect on ^Y'lJ/^ three important 

parameters aro solidity, blade angle a.t 0,75R, and plan form, 
for a given Y/nD. !rhe charts for a given plan forra may 
be Intorpolatod linearly from the charted values for varia*-^ 
tions of solidity a and blado angle 

The act cria inat ion of Cy!., for plan forms between 

those of Hamilton Standard propeller 3155—6 and IFAGA 
propeller 1 0--3 06 2—045 w ould b e eicp ectod to require a 
double int erpolat ion , one for solidity, beca.use the two 



propellers are not chartecl at the same solidities, and 
a second one for plan form* A simpler procedtiro results 
f r OH t h. e folio v i n g cons i d er a t i o n s i 

loT a given solidity it is found that the plan form 
of the ilACA propeller 10-3063-045 yields al3oxxt 13 percent 
more side force than does the plan form of the Hamilton 
Standard propeller 3155—6 at the same T/n3}> She factor 
1«13 holds within 2 or 3 percent near the line of zero 
thrxist although the error increases to ahout 6 percent at 
low Y/uD and high thrust, So this accuracy the side— 
force coefficient for a propeller of a given plan form 
and solidity a ^ 0.^.091, for example, could he estimated 
frora the a 0.091 chart of Hamilton Standard propeller 
3155—6 hy corAparing the given plan form v/ith the plan forms 
of Eamilton Standard 3155-6 and HACA 10-"30o2-045 propellers 
in flxf^iiiro 4 and, incr easing the ordi nates from the chart by 
the appropriate fraction of 13 percent^ In making the plaE.*- 
form' corrpar is on , most v/eight should he given the root sec-- 
tions of the hlado. If the solidity u does not corre'-- 
spoxid to that of one of the charts, tv/o charts of different 
solidity for the same propeller jaay he interpolated linearly • 

o o f chart s _j: or r £p ell cr s in pit ch » Th e oh ar t s 
>/ith pitch suDstituted for yaw can he used to ohtain tho 
rate of change of normal force v/ith angle of attack of 
thrust axis 5 if the inf luence of the wing on the angle of 
flow at the propeller is included. The vipv/ash can he 
taken into account , if the propeller is in front of the 
wing, hy multiplying the value of ^Y^^ ^^^"-^ interpreted 

as ---C^t - — ^ ^ hy 1 pltxs the rate of change with 

angle of atta-ck of the angle of upv/ash induced at the pro- 
peller hy the wing. If the propeller is behind the wing, 
the factor should he 1 minus the rate of change with angle 
of attaelc of the angle of downwash Induced at the propeller 
hy the wing* 

COJJGLUPIITG RSHAEES 



Squatlons for propellers in yax^r and charts of the 
sido^^force derivative have heen given herein for single-^ 
and dual— r ot ating propellers in terms of a side— area index 
and a dynamic— pressure factor, which is . a function of the 
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inflow factor. The study of those equatioiis iiadicates 
that thoy are consistent with the fol3.ovrxng phyRiCal 
int oi-pr ot at ion » In deiroloping side foi^ce, the propeller 
ects like a fin of which tho area is the projected sidq 
fjj area of the propellGr, the effective aspect ratio is of 

Jlj the order of 8, and the effective dynamic prcs-sttre is 

roughly that at the propeller disk as augmented "by the 
inflow* The variation of tho inflov/ velocity, for a fixed— 
pitch propeller, accounts for most of the variation of side- 
force v/ith advanced-diameter ratio* 



Langlcy Mernorial Aor o.naiit xcal laoor at o.ry , 

JTational Advisory CoEnnittoo for Aeronautics, 
iangley Shield, 7a« 



APP3HDIX 



Gauss ^ rule for approximate integration raay ho 
expressed hy the relation 




f(x)dx ^ Pif(xi) -f P^fCxg) -I- . . .4-P^f(x ) 



o 

Hhoro x-L to Xn are certain ahscissas and P 3_ to P^^ 

are G-8.uss^ coefficients, for the ilitegrals of the present 
report, five ordlnates are found to 'be sufficient to dotor^ 
mine C^,- 1 \fithin 1 porcent, JTor Xq taken as 0,3 and 

^n+i taken as X, the appropriate values are 



^1 




0.338 


Pi 




0,095 






0,385 






0.191 






0.600 






0.228 


X4, 




0.815 


P4 




0.191 


5^5 




0.9 63 


^5 




0,095 
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As an exiuiple, tho intograX ( ■b/bo » 7 sE) s in &x 

which OGGurs in I-^ ma;/ cv;.,lua.tod as 

0.00 5 - — — — — sin o.,oB+0'191-/ / \ — —sin ,^^13 

(t/2))o.75E '°0.S38ii (l)/D)o.75E ^00.335- 

("b/D)o.600H (13/33)0 .8X5 E 

+ .O.S28-Tr-7=rN — Po 0.191 , — sinPo^ 



'(b/l))o 


*7 5a 


(lv'3)o 


,9635 




• 7 5E 


■b/D 





vhorc ^^-.-^.-.....^ ^ j:».as teen \>rritten for iti5 on'aiYcalont 

"^/•^o.rsSl rpcognition of tho practice of u^^irig ;b/D 

as t.h e -p 1 an^f or ni v ar i a, b 1 o * 
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Figure 1.- Variation of q-f actor f(a) witla Tq, Tq = Crf/ (v/nD)^. 
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Pigure 2.-- Variation of I3 with ijx^ aud solidity* Approximate 
carves for "blade-angle settings at yrhlGlx the blades 
nre r^ot « tailed^ 
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li^xre Siie-force ierivatii'-e for single-rotating Eamiltoa Staniard 
propeller 3153-^ v/lth spiriner. Two blales, cf^ 0,0^1 • 
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jigure 6,- Sile-force derivative for single-rotating Hamilton Standard 
propeller 3155^6 with spinner. Three 'blaAes, or, O.Oyi. 
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Figure V.™ Side-force cLerivative for sin^'le-rotating Hamilton Staniari 
I propeXler 3165-fi witii spinner, four blades, a*, 0.121, 
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fi^re 8,^ Siie-force derivative for slagle-rotating Hamilton Stanlit^i 
propeller 31p5»6 With spinner. Six blades, cr, 0,182, 




Pi^.i.re i?.- Siie-force ierivati^re for inal-. rotating' Hamilton Staniarl 
propeller ^.155-f^ with spinner. Six lolales, cr, 0,1P^?. 




iTigiire ID,-. Siie-force ierivative for sinfi-le-rotating MOA propeller 
10-30<=^?-045 wlta spinner. Two blales, cr,- 0.06P5. 
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ffiguro ll.r- Sid.e-fo?rce derivativa for singlo-rotatin;^: FACA px-'opellor 
10-3062-045 with spinnor. Throe blads)3, T, o;i.?4. 
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Figuro 12.- Side-force dorivatiyo for singlo-rotating NACA propeller 
10-3032-045 with spinner. Wour blados, cf, 0,165. 
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Jigare 13,- Side-force derivative for dual-rotating IIACA propeller 
10-3052-045 with spinner. Six blades, a, 0.247. 



• 24 



.20 



"T' T- 



T-1~T"T~ 

Sxperimqatal Calculated 



.15 
.12 



.08 



.04. 



-(■>• 



i ! 1 
p at 0.75R 

(der) 
18, : 
20.6 

23.6 



o 
a 
o 



■-Line of zero thrust 



.2 



.4 



.5 



1.2 1,4 1,6 1.8 



• S 1,0 

■ J = ?/nD 

figure 14.-" Comparisoa of calculated and eiqjerimental side-force 

derivatives for two-.tlade model propeller. CJiirves are 
terrainated, oxcopt for P = 16.6°, at point where obvious stalliiag of 
blades occurs. ErperiinGntal data, from reference 4. 



